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Method for accuiately positioning a pattern on a substrate 



The present invention relates to a method for positioning a subsHate and a 
patterning device at a patterning position with resfpect to each other, at which position the 
patterning device is activated to apply a pattern to the substrate. 



Processes of applying a pattern to a substrate by means of a patterning device 
are known in practice, and may be part of a manu&cturing process of many typ^ of 
products. The {Mcocesses of applying a pattem to a substrate may be carried out in several 
ways, for example by means of printing or laser writing. In general, printing involves laying 
down a layer of ink on tiie substrate, whereas laser writing involves removing portions of tiie 
substrate. 

For the purpose of being provided with a pattern, a substrate is placed in a 
patterning machine, in which a patterning device is arranged. Usually, the patterning machine 
coniprises a movable table for supporting and moving the substrate. The pattem forming 
process takes place by moving the table supporting the substrate with respect to the 
patterning device and intemodttentiy activating the patterning device. The resulting pattem on 
the substrate is determined by the output of the patterning device on the one hand, and by the 
adopted positions of the table supporting the substrate with respect to the patterning device 
on the other hand. 

In a case in which a pattem being composed of a number of layers needs to be 
formed, the pattem forming process comprises a number of pattem forming steps during 
which the layers are laid down on the substrate. Each pattem forming step needs to be 
performed very accurately, in order to avoid a deviation of the different layers and a 
distortion of the pattem. An example of a pattem forming process comprising a number of 
pattem forming steps is an ink jet printing process of displays, wherein dimensions of display 
elements are in the micrometre range. During such a process, it is very important that the 
positions of the different layers of the pattem on the substrate correspond exacfly to each 
other. 
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It is an objective of the present invention to provide a method for positioning a 
substrate and a patterning device witih respect to each other, which method is suitable to be 
applied for the purpose of pattern forming processes in which hi^ standards regarding to the 
5 position of the pattern on the substrate need to be met, for example ink jet printing processes 
of displays. The objective is achieved by means of a method for positioning a substrate and a 
pattemmg device at a patterning position with respect to each oth^, at which position the 
patterning device is activated to apply a pattern to the substrate, the method comprising the 
step of determining an actual relation between a patterning position of the siibstrate and the 

10 patterning device with respect to each other and a position of Ihe pattem on the substrate. 

By carrying out the method according to the present invention, an actual 
relation between a patterning position of the substrate and the patterning device with respect 
to each other and a position of the pattem on the substrate is determined. In a situation in 
which the pattem needs to be applied to the substmte at a predetermined position, the actual 

1 5 relation is used in order to determine the associated patterning position of tixe substmte and 
the patterning device with respect to each other. As a result^ it is actually possible to apply 
the pattem to the substmte at the predetermined position. 

When the method according to Ihe present invention is carried out, jpositioning 
of the pattem on the substmte is performed in a very accurate way, espedally when the 

20 method comprises the following steps: positioning the siibstrate and the patterning device at a 
predetermined test position with respect to each other; applying a test pattem to Ihe substrate 
by means of the patterning device; and performing a measurement in order to obtain a result 
relating to an obtained position of the test pattem on the substmte, wherein the actual relation 
between a patterning position of the substrate and the patterning device with respect to each 

25 other and a position of the pattem on tihe substmte is determined on the basis of the result 

which is obtained by the measurement The result which is obtained by the measurement may 
for example comprise an actually obtained position of the test pattem on the substrate, or an 
oj^et between the actually obtained position of the test pattem on the substrate and a 
predetermined position of the test pattem on the substrate, wherein the predetermined 

30 position of the test pattem on the substmte is determined on the basis of a predetermined 

relation between a patterning position of the substmte and the patterning device wifli respect 
to each other and a position of the pattem on the substrate. Regardless of the exact character 
of the result which is obtained by the measurement, it is trae that the actual relation between 
a patterning position of the substrate and the patterning device with respect to each other and 
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a position of the pattern on fhe substrate is detemuned on Hie basis of infotmation relating to 
the predetermined test position on the one hand and information relating to the actually 
obtained position of the test pattern on the substrate on the other hand 

When the method according to the present invention is carried out by 
5 following the steps as mentioned in the preceding paragr^h, possible systematic deviations 
between a position where the pattern is applied to tiie substrate and an expected position on 
the basis of the position of the patterning device with respect to the substrate are corrected 
automatically. Consequentiy, when the actual relation between a patterning position of the 
substrate and the patterning device with respect to each other and a position of the pattern on 
10 the substrate is used in order to find a required patterning position on the basis of a 

predetermined position of the pattern on the substrate, the required patterning position is 
determined in a very accurate way. 

The method according to the present invention is particularly suitable to be 
applied in the field of patterning techniques which involve applying a pattern to a substrate in 
IS a manner which is commonly referred to as "direct writing". Such patterning techniques may 
involve direcfly laying down a pattern on a substrate, for example by means of printing, or 
directiy deforming the substrate, for exaooqple by means of laser writing. 

Further, the method according to the present invention is particularly suitable 
to be ^)plied in manufocturing processes of displays like PolyLED displays or liquid crystal 
20 displays, wherein the displays may be flexible or non-flexible. 



The present invention will now be explained in greater detail with reference to 
the figures, in which similar parts are indicated by the same reference signs, and in which: 
25 figure 1 diagrammatically shows a printing machine comprising a controlling 

unit for controlling the mutual position of a print head and a substrate; 

figure 2 diagrammatically shows a perspective view of a numbo: of elements 
of the printing machine as shown in figure 1, as well as the substrate; 

figure 3 diagrammatically illustrates the manner in which the printing machine 
30 as shown in figure 1 works; 

figure 4 diagrammatically illustrates the position and movement of the 
substrate with respect to the print head; 

figure S diagrammatically shows an obtained pattem on the substrate; and 



PHNL030805EPP 



4 10.07.2003 
figure 6 diagraimnatically illustrates the way in which an actual printing 
position is determined. 



5 Figure 1 diagrammatically shows a printing machine 1 comprising a 

controlling unit 10 for controlling the mutual position of a print head 20 and a substrate 30, 
and figure 2 diagrammatically shows the print head 20 andanumber of other elements of the 
printing machine 1, as well as the substrate 30. 

The printing machine 1 comprises a table 40 which supports a granite stone 

10 41 . On top of the stone 41, an X-Y table 50 is mounted. An X-direction and a Y-direction 
correspond to directions in a plane in which an upper surface 42 of the stone 41 extends, 
wherein the X-direction and the Y-direction are perpendicular with respect to each other. In 
figure 2, the X-direction and the Y-direction are indicated by means of an arrow X and an 
arrow Y, respectively. The X-Y table 50 conq)rises an X-table 51 which is movable in the X- 

15 direction and a Y-table 52 which is movable in the Y-direction. On top of the X-Y table 50, a 
substrate holder 53 for holding and suppcnting the substrate 30 is positioned 

Further, the i>rinting machine 1 comprises aportal 43 and a Z-slide 55 which is 
susfpended from the portal 43. A Z-direction is perpendicular to both the X-direction and the 
Y-direction. In figure 2, tiie Z-duection is indicated by means of an arrow Z. The Z-slide is 

20 movable in the Z-direction and siipports the print head 20 and a camera 25. 

For the purpose of controlling the movements of Ihe X-Y table 50 and the Z- 
slide 55, the controlling unit 10 of the printing machine 1 comprises a computer 1 1 and motor 
controlling members 12. During operation of the printing machine 1, the computer 1 1 
determines the required positions and movements of the X-table 51, the Y-table 52 and the Z- 

25 slide 55, and transmits signals representing the required movements to the motor controlling 
members 12. On the basis of the received signals, the motor controlling members 12 control 
the operation of motors (not shown) driving the X-table 51, the Y-table 52 and the Z-slide 55. 

Advantageously, the printing machine 1 comprises an exhauster (not shown) 
located near the X-Y table 50 and the substrate holder 53 for exhausting harmful gases which 

30 may be released during a printing process. 

In the foUowing, the manner in wMch the printing machine 1 woricsis 
explained with reference to figure 3, 

Figure 3 diagrammatically shows the substrate holder 53, the substrate 30, the 
print head 20 and the controlling unit 10. During a printing process, the controlling unit 10 
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controls fhe displacement of the substrate holder S3, as well as the ftmctioning of &e print 
head 20 on the basis of the position of the substcale 30. When Iho substiate 30 and the print 
head 20 are at a printing position with respect 1o each other, the controlling unit 10 transmits 
a firing pulse to the print head 20. As soon as the print head 20 receives the firing pulse, the 
5 print head 20 fires an ink droplet 21 in the direction of the substrate 30. By repeating this 
process, a printed pattern is fimned on Ihe substrate 30. 

A possible configuration of Ihe print head 20 and Ihe substrate 30 is shown in 
figure 4, which diagrammatically shows a top view of the print head 20 and the substrate 30. 
The print head 20 as diagrammatically shown in figure 4 comprises a number of nozzles 22, 

10 which are indicated by means of dots. Each nozzle 22 is controlled by the controlling unit 10, 
and is capable of firing an ink droplet 21 on receipt of a firing pulse of the controlling unit 
10. When the substrate 30 is moved with respect to the print head 20 in the direction as 
indicated by an arrow in figure 4, and the nozzles 22 of the print head 20 are controlled to 
intennittentiy release ink droplets 21, a printed pattern 35 as shown in figure 5 is obtained. 

IS Characteristics of the printing process influendng the appearance of the pattern 35 as such 
are a firing firequency of the nozzles 22 of the print head 20 and characteristics of a 
movement of the substrate 30 with resfpect to the print head 20. Characteristics of the printing 
process infiuencing the position of the pattern 35 on the substrate 30 are the adopted 
positions of the substrate 30 with respect to the print head 20 and the direction in which tiie 

20 ink droplets 21 are released by the nozzles 22 of the print head 20. 

Wifliin the scope of the present invention, numerous possibilities for the 
appearance of the pattern 35 exist. For example, the pattern 35 may comprise one spot or a 
plurality of spots, and may in the latter case be regular or irregular. 

The method of providing a substrate 30 with a pattern 35 as described in the 

25 foregoing, in which the pattern 35 is obtained by moving the substrate 30 with respect to a 
print head 20 and intermittentiy releasing ink droplets 21 in the direction of the substrate 30 
by means of the print head 20, may fiwr example be applied fi>r the purpose of manufacturing 
displays, in particular so-called PolyLED displays. PolyLBD displays coinprise a large 
number of light emitting diodes, wherein each light emitting diode (commonly referred to as 

30 LED) comprises a stack of individual layers. A number of these layers is formed by dosing 
the material of these layers dissolved in a solvent in a pixel, wherein a pixel is a Umited area 
having predetermined dimensions. It will be understood that the ink droplets 21 which are 
released by the print head 20 for the purpose of providing the substrate 30 with the layers 
comprise the said solvent and the said material of the layers. 
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In the jfield of PolyLED displays, substrates 30 comprising glass are normally 
utilized. Suitable values for the diameter of the pixels and the mutual distance of fhe pixels 
are SO pm and 200 pm, respectively. 

For the purpose of fhe above-described ^plication during fhe manu&cturing 
5 process of PolyLED displays, the printing process has to meet very high requiremCTts. An 
important requirement is tiiat fhe patterns 35 of the individual layers are positioned very 
accurately with respect to each other, so that a deviation of tiiese patterns 35 is avoided 
Usually, pre-pattemed substrates 30 are 25)plied, and it is unportant that the printed pattern 35 
is accurately positioned with resfpect to fhe pattem which is ah:eady present on the substrate 

10 30. In order to meet these requirements, the positioning of fhe printed pattem 35 on the 
substrate 30 needs to be performed very accurately. 

The required position of fhe pattem 35 on fhe substrate 30 is stored in fhe 
computer 11 of fhe controlling unit 10. During fhe printing process, fhe computer 1 1 controls 
fhe position of fhe substrate 30 with respect to fhe print head 20 through fhe motor controlling 

15 members 12, such that tiie obtained position of fhe pattem 35 on fhe substrate 30 corresponds 
to fhe required position of fhe pattem 35 on fhe substrate 30. During fhe process, a number of 
practical errors needs to be compensated for, which errors coirprise errors relating to the 
position of the substrate 30 wifli respect to fhe X-Y table 50 and fhe position of the print head 
20 witii respect to fhe X-Y table 50. The presCTit invention proposes a printing method in 

20 which a number of important errors are conqpensated fijr, such that an accurate positioning of 
fhe pattem 35 on the substrate 30 may be realized, and that the printing method is ^Ucable 
in fhe field of printing dissplays. In fhe following, a preferred way of carrying out liie method 
according to the present invention is described, with reference to figures 2 and 6. For fhe sake 
of simplicity, figure 2 does not show fhe substrate holder 53. In fhe example as shown in 

25 figure 2, fhe print head 20 comprises a single nozzle 22, contrary to the example as shown in 
figure 4, which already has been discussed in fhe foregoing. This underlines fhe fact that fhe 
application of fhe method according to the present invention is not dependent on the number 
of nozzles 22 of the print head 20. 

Before fhe printing process can take place, fhe substrate 30 is placed onto the 

30 substrate holder 53 in fhe printing machine 1 . In this process, the substrate 30 is roug^y put 
at a predetermined position with respect to the substrate holder 53 in any known suitable 
way, for exanq>le with flie help of fixed pens on the substrate holder 53. At the side of the 
substrate 30 which needs printing, two reference markers 36, 37 are present on the substrate 
30. 



v" 
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When the substrate 30 is positioned on the substrate holder S3 in a picqper 
manner, an aligning process is started. As a iQrst step in the aligning process, the X-Y table SO 
is moved, and the computer searches for the reference markers 36, 37 on the substrate 30 
with the help of the camera 25. The computer comprises an imagmg card for csqpturing 
S images from the camera 2S, as well as software for recognizmg and processing the images. 
The software has leamed the ^earance of the marks 36, 37, and is capable of searching for 
a match of the leamed appearance in images which are captured from the camera 2S. In this 
way, the computer 1 1 is able to determine the position of the reference markers 36, 37 with 
respect to the X-Y table 50. 

10 An ofl&et of the positions of the individual reference markers 36, 37 with 

respect to the X-Y table 50 is compensated for by settmg one of the reference markers 36, 37, 
for example reference maricer 36, as a new zero position having X-Y coordinates (0,0). An 
angle 9 between an imagmary reference line extending through both reference markers 36, 37 
and Ihe X-direction, in other words, an angle 9 of substrate rotation, is determined on the 

15 basis of a comparison of the positions of the individual marks 36, 37. As the X-Y coordinates 
of reference marker 36 are set as (0,0), the rotation angle cp can smq>ly be found as the 
tangent of the outcome of the division of the Y-coordinate of reference marker 37 by the X- 
coordinate of reference marker 37. The rotation angle cp is used in a process of calculating an 
actual printing position of the X-Y table 50 on the basis of a jxredetermined position of a 

20 printed spot on the substrate 30, in a manner which will be described in the following. The 
actual printing position may be regarded as the position which actually needs to be adopted 
by Ihe X-Y table SO in order for the print head 20 to be able to print the spot at the 
predetermined position on the substrate 30. 

For the purpose of performing a second step in the aligning process, the 

25 computer 1 1 of the controlling unit 10 is programmed such as to move the X-Y table SO 
towards a predetermined test position with respect to the new zero position. As soon as the 
X-Y table 50 has adopted the predetermined test position, the print head 20 is activated by 
the computer 11 to release an ink droplet 21. The released ink droplet 21 forms a test spot 38 
on the substrate 30. This test spot 38 is printed at an area of the substrate 30 which is not 

30 intended for receiving the fimctional printed pattem 35, i.e. the printed pattem 35 which is 
intended to actually perform a function when the manu&cturing process is finished and the 
printed substrate 30 is applied for the purpose it has been designed for. 

Once the test spot 38 has been printed, it is possible to measure an ofiSset 
between a predetermined position and flie actually obtained position of the test spot 38. This 
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ofiset is also detennined in an optical manner using pattern recognition, with the help of the 
camera 25 and a search to a previously learned appearance of the test spot 38. 

On the basis of the determined rotation angle (p and the measured ofi&et 
between the predetermined position and Ihe actually obtained position of the test sspot 38, the 
computer 1 1 of the controlling unit 10 is capable of determining an actual printing position of 
the X-Y table 50 for the purpose of printing a spot at a predetermined position on the 
substrate 30. In the following, the way in which the computer 1 1 determines the actual 
printing position of Hie X-Y table SO is explained, wherein reference is made to figure 6, and 
wherein the following symbols axe used: 

Xh = ofGset between the predetermined position and the actually obtained position of 

the test spot 38 in the X-direction; 
Yh = ofiset between the predetermined position and the actually obtained position of 

the test spot 38 in the Y-direction; 
Xc = corrected offset between the predetermined position and the actually obtained 

position of the test spot 38 in the X-direction; 
Yc = corrected offset between the predetermined position and the actually obtained 

position of the test spot 38 in the Y-direction; 
XI = X-coordinate of the predetermined position of the spot vnUi respect to reference 
marker 36; 

Yl = Y-coordinate of the predetermined position of the spot with respect to reference 
marker 36; 

Jin = X-coordinate of the actual printing position of the X-Y table 50 before 

compensation for rotation angle 9; 
Yn = Y-coordinate of the actual printing position of the X-Y table 50 before 

cornpensation for rotation angle 9; 
Xp = X-coordinate of the actual printing position of the X-Y table 50; and 
Yp = Y-coordinate of the actual printing position of the X-Y table 50. 

First of all, the measured offset between the predetermined position and the 
actually obtained position of the test spot 38 needs to be corrected for rotation angle 9. The 
reason for this is that during the printing of the test spot 38, the substrate 30 has been at a 
position which did not exactiy correspond to the predetermined test position, due to the 
influence of the rotation of the substrate 30 with respect to the X-Y table 50. The coordinates 
of the corrected of&iet are determined by means of the following formula: 

Xc = ^JXh^+Yh^ * sin(9 + arctan(J53i, Yh)) 
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Yc = 4^F^¥Yt^ ♦ cos(q) + arctan(jea, Yh)) 

Using the corrected o£&et, the actual prmting position of the X-Y table 50 can 
be determined in two steps. In the first step, the corrected offset is taken into account, 
whereas in the second step, the rotation angle cp is taken into account. 

y« = yi-7c 



\Xp\ __ * fcoscp - sincp"] 
\Yp\ \Yn\ [sincp cos9 J 



On the basis of the calculated values of Xp and Yp, the computer 1 1 of the 
controlling unit 10 controls the motors driving the X-table 51 and Ihe Y-table 52 through the 
10 motor controlling members 12, such fliat the X-Y table 50 adopts the actual printing position. 
When the X-Y table 50 has reached the actual printing position, the printing process can be 
started by activating the print head 20, whereupon at least one ink droplet 21 is fired, which 
forms a spot on the substrate 30 at the predetermined position with respect to reference 
marker 36. 

15 In feet, the aligning process involves determining an actual relation between 

the actual printing position of the X-Y table 50 and the predetermined position of ftie spot 
with respect to reference marker 36, on the basis of which the computer 11 is able to 
determine the actual printing positions which are required for the purpose of printing a 
pattern 35, taking into account the feet that the pattern 35 may be regarded as a collection of 

20 spots. 

In principle, the aligning process needs to be performed only once per 
substrate 30, before tbe printing process takes place, etspecially in case of the substrate 30 
being relatively small. The computer 1 1 is enable of storing the measured rotation angle (p 
and the measured ofGset between tiie predetermined position and the actually obtained 

25 position of the test spot 38. On the basis of these two parameters, the computer 1 1 is able to 
calculate the actual printing positions of the X-Y table 50 for an entire pattern which needs to 
be printed on the substrate 30. Nevertheless, for the purpose of printing a pattern 35 on a 
relatively large substrate 30, the aligning process is preferably performed a number of times, 
not only before the printing process is started, but also at certain stages of the printing 

30 process. For each aligning process, a different predetermined test position may be used in the 
process of printing a test spot 38 on the substrate 30. By carrying out the aligning process a 
number of times for one substrate 30, it is possible to position the pattem 35 very accurately 
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with respect to the reference markers 36, 37, while changes in the functioning of llie nozzle 
22 of the print head 20, which occur over time, are corrected for. 

An in^ortant advantage of the above-described aligning process is that the 
process is completely automated. After the substrate 30 has been placed on the substrate 
5 holder 53, the computer 1 1 performs the aligning process with the help of the camera 25, 
wherem no human interference is needed. 

When the aligning process comprises the above-described step of printing a 
test spot 38 and measuring an ofiGset between a predetermined position and an actually 
obtained position of the test spot 38, possible systematic deviations between the actually 

10 obtained position of the test spot 3 8 and an ejected position on the basis of tiie position of 
the print head 20 are corrected automatically. 

The aligning process may be carried out in various ways. For example, it is not 
necessary that tiie markers 36, 37 are searched first, and that the test spot 38 is printed later; 
these steps of the aligning process may be carried out in reverse order. 

15 It is not essential lhat the aligning process comprises the step of measuring an 

ofifeet between the predetermined position and the actually obtained position of the test spot 
38. According to anotiier feasible possibility, the test spot 38 is searched with the help of the 
camera 25, and as soon as the test spot 38 is found, the actually obtained position of the test 
spot 38 is measured On the basis of the combination of this actually obtained portion of the 

20 test spot 38 and the set test position of the X-Y table 50, it is possible to determine a relation 
between a set printing position of the X-Y table 50 and an obtained position of a spot on tiie 
substrate 30. Using this relation, the computer 1 1 of the controlling unit 10 is capable of 
controlling the position of the substrate 30 with respect to the print head 20 and the operation 
of the print head 20 such that a pattern 35 is obtained at a predetermined position on the 

25 substrate 30. Although measuring the actually obtained position of the test spot 3 8 yields 

good results as well, this way of carrying out the aligning process has a drawback relating to 
the &ct that the time needed for finding the test spot 38 is increased. 

The aligning process may also be used in situations in which a print head 20 
comprising a plurality of nozzles 22 is sailed. In such a case, the aligning process may 

30 coinprise a step during which the X-Y table 50 is moved to a predetermmed test position and 
all nozzles 22 of the print head 20 are activated to release an ink droplet 21. Consequentiy, a 
test row instead of a test spot 38 is obtained on the substrate 30. The image learned by the 
computer 11, which is used to search for the test row, preferably comprises an end portion of 
the test row and an adjacent blank portion. The end portion of the test row may for example 



PHNL030805EPP 

11 10.07^003 
comprise two spots. The dimensioiis of the acyacent blank portion in the diiection in which 
tiie test row extends should exceed the distance between two subsequent ^pots, so ibat the 
computer 1 1 is able to directly £aid the end portiQa of the test row. In this way, the computer 
11 is able to measure an o£&et between the predetermined positiim and an actually obtained 
5 position of Ihe test row. Additicmally, the computer 1 1 may also be programmed to find a 
deviation between a predetermined direction of the test row and an actually obtained 
direction of llie test row, in order to determine a rotation angle between the row of nozzles 22 
of the print head 20 and the X-Y table 50. In case this rotation angle is determined, it is 
preferred to use an X-Y-9 table instead of an X-Y table 50 for moving the substrate 30, so 

10 that the rotation angle may be coinpensated for by means of a rotation of the X-Y-<p table. 

Another possibility in the context of multq)le nozzles 22 is that the computer 
1 1 is progranamed to determine the of&et between a predetermined position and the actually 
obtained position of each test sfpot 38 that is part of tiie test row, or to determine the actually 
obtained position of each test spot 38. In this way, the computer 1 1 is ct^able of determining 

15 a relation between a printing position of the table supporting the substrate 30 and an obtained 
position of a printed spot on the substrate 30, for each individual nozzle 22. Qnllie basis of 
this relation, the computer 1 1 is capable of controlling the printing process such that die 
required pattern 35 is accurately laid down on the substrate 30, wberein the accuracy of both 
the mutual positions of ihe spots of the pattern 35 and tiie position of tiie pattern 35 on the 

20 substrate 30 meets the requirements. In feet, in Ihis way, the aligning process as described in 
the foregoing in flie context of a print head 20 having one single nozzle 22 is performed for 
eadi individual nozzle 22 of the print head 20 having more than one nozzle 22. 

As a result of the process as described in the preceding paragraph, in practice, 
the nozzles 22 are not activated at exactiy the same time, as the actual relation between a 

25 printing position of the table and an obtained position of a printed spot on the substrate 30 
associated with one nozzle 22 differs firom the said relation associated with anolber nozzle 
22. The computer 11 may even be programmed not to use all nozzles 22, in case it appears 
fixMn the aligning process that one or more nozzles 22 do not fonction proxierly. In such a 
case, the computer 1 1 controls the nozzles 22 of Ihe print head 20 such lhat the fonction of 

30 the malfonctioning nozzles 22 is taken over by other nozzles 22, so that the obtained pattem 
35 on tiie substrate 30 is not intemqrted. 

It will be clear to a person skilled in the art that the scope of the present 
invention is not limited to the examples discussed in the foregoing, but that several 
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amendments and modifications thereof are possible without deviating firom the scope of the 
present invention as defined in the attached claintis. 

The shown printing machine 1 connqprises an X- Y table SO for moving the 
substrate 30 for tibte purpose of positioning the substrate 30 and the print head 20 with respect 
S to each other and for the puipose of positioning the substrate 30 and the camera 25 with 
respect to each other. Both the print head 20 and the camera 25 are only movable in the Z- 
direction by means of tiie Z-slide 55. In principle, within the scope of the present invention, it 
is also possible that the injnt head 20 and the camera 25 are movable in the X-direction and 
the Y-direction, whereas the position of the substrate 30 is fixed in said directions. It is even 

10 possible that aU of the print head 20, tiie camera 25 and the substrate 30 are movable in the 
X-direction and the Y-direction. However, the arrangement as shown is preferred over the 
other possibilities. It is important that the substrate 30 and the print head 20 are movable with 
respect to each other in the X-direction and the Y-direction, and the same is true for the 
substrate 30 and the camera 25. All possible manners in which this can be realized, are within 

1 5 the scope of the present invention. 

In the shown example, a single camera 25 is used £ar detecting the markers 36, 
37 and the printed t^ spot 38. It will be understood that it is possible to ^yply more than one 
camera 25. However, in such a case, the accuracy of positioning the substrate 30 and the print 
head 20 with respect to each otiier is negatively influenced by errors in tiie mutual position of 

20 the cameras 25. Therefore, these errors are preferably determined and accounted for. 

It is not necessary that a camera 25 is used for detecting the markers 36, 37 
and the test spot 38. Depending on the character of the markers 36, 37 and the test spot 38, 
another kind of detecting means inay be applied, for example an infi:a red camera or even a 
tracer in case of the markers 36, 37 and/or the test spot 38 comprising an unevenness on the 

25 substrate 30. 

In the foregoing, the present invention is described in the context of printing, 
in particular printing displays. This does not mean that the present invention is not applicable 
to other ways of providing a substrate with a pattern. On the contrary, the present invention is 
also ^iplicable in the fields of for example laser writing, wherein the method according to the 
30 present invention may be used to accurately position a mask with respect to a substrate. In 
&ct, the present invention is applicable in every situation in which a substrate needs to be 
provided with a pattern and in which a patterning device is used, which needs to be 
accurately positioned with resfpect to the substrate. 
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During one step of the aligning method, an angle 9 of a relation of the 
substrate 30 with respect to the X-Y table 50 is determined, as described in the foregoing. For 
the purpose of calculating the actual printing position of the X-Y table 50, the rotation angle 
q> is taken into account bistead of compensating for the rotation angle <p by adjusting tiie 
actual printing position of the X-Y table 50, it is also possible to ^ly an X-Y-q) table. In 
case of such a table being part of tiie printing machine 1, tiie measured rotation angle q> can 
be compensated £» by a rotation of a q>-table of tiie X-Y-<p table. 

Appfication of tiie mefliod according to tiie present invention yields accurately 
patterned final products. The final product is not only provided wifli a functional pattern, i.e. 
tiie pattern by which the final product is able to perform an assigned task, but also with a test 
pattern, which has only been of use during the manufecturing process of the product 

In Ihe foregoing, a printing machine 1 is described, which coniprises an X-Y 
table 50 for moving a substrate 30 with respect to a print head 20 in an X-direction and a Y- 
direction. During a printing process, the substrate 30 is moved, whereas tiie print head 20 is 
intermittentiy activated to fire ink droplets 21 in order to fiatm apattem 35 on tiie substrate 
30. 

At a distance fi»m tiie print head 20, a camera 25 is arranged fin: providing 
images of tiie substrate 30 to a computer 1 1 which is progrannned to recognize patterns. 
In order for tiie print head 20 to be able to print a spot at a predetermined position on tiie 
20 subslxate 30, an ofifeet between a predetermined mutual position of tiie substrate 30 and tiie 
print head 20 and an actual mutual position of the substrate 30 and the print head 20 is 
measured and compensated for. For tiie purpose of measuring this oflfeet, a test spot 38 is 
printed on tiie substrate 30 and an offeet between a predetermined position and an actijally 
obtained position of fliis test spot 38 is measured by means of pattern recognition. 



15 



PHNL030805EPP 

14 10.07.2003 

CLAIMS: 



1 . Method for positioning a substrate (30) and a patterning device (20) at a 
patterning position with respect to each other, at which position the patterning device (20) is 
activated to ^ly a pattern (3S) to the substrate (30), the method conqmsing the step of 
determining an actual relation between a imtteming position of the substrate (30) and the 

5 patterning device (20) with respect to each other and a position of the pattern (35) on the 
substrate (30). 

2. Method according to claim 1, comprising the following steps: 

- positioning the substrate (30) and the patterning device (20) at a predetermined test 
1 0 position with respect to each other; 

- applying a test pattern (38) to the substrate (30) by means of the patterning device 
(20); and 

- performing a measurement in order to obtain a result relating to an actually obtained 
position of the test pattern (38) on the substrate (30), wherein the actual relation 

1 S between a patterning position of the substrate (30) and the patterning device (20) with 

respect to each other and a position of the pattem (35) on the substrate (30) is 
determined on the basis of the rrault which is obtained by the measurement 

3. Method according to claim 2, wherem the measurement is performed in an 
20 optical manner using pattem recognition. 

4. Method according to claim 2 or 3, wherem an of&et between an actually 
obtained position of the test pattem (38) on the substrate (30) and a predetermined position of 
the test pattem (38) on the substrate (30) is measured, wherein the predetermined position of 

25 the test pattem (3 8) on the substrate (30) is determined on the basis of a predetermined 
relation between a patterning position of the substrate (30) and the patterning device (20) 
with respect to each other and a position of the pattem (35) on the substrate (30), and wherein 
the actual relation between a patterning position of the substrate (30) and the patterning 
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device (20) with respect to each other and a position of the pattern (35) on the substrate (30) 
is determined by correcting the predetermined relation for the ofi&et as measured. 

5. Method according to claim 2 or 3, wherein an actually obtained position of the 
5 test pattern (38) on tiie substrate (30) is measured, and wherein the actual relation between a 

patterning position of the substrate (30) and the patterning device (20) with respect to each 
other and a position of the pattern (35) on the substrate (30) is determined by linking the 
actually obtained position of the test pattem (38) on the substrate (30) as measured to the 
predetermined test position. 

10 

6. Method according to any of claims 1-5, comprising the step of detennining a 
rotation angle (<p) between an actual straight line of movement of the substrate (30) and the 
patterning device (20) with respect to each other and a predetermined straight line of 
movement of the substrate (30) and the patterning device (20) with respect to each other, 

1 5 wherein the actual relation between a patterning position of the substrate (30) and the 
patterning device (20) with respect to each oth^ and a position of the pattem (35) on the 
substrate (30) is corrected far the rotation angle (q>). 

7. Method according to claim 6, wherein the rotation angle (q>) is determined in 
20 an optical manner using pattem recognition. 

8. Method according to claim 6 or 7, wherein the predetermined straight line of 
movement of Ihe substrate (30) and the patterning device (20) with respect to each other is 
indicated on the substrate (30) by means of two reference maxkets (36, 37). 

25 

9. Method according to claim 8, wherein the rotation angle (<p) is determined by 
moving the substrate (30) and the patterning device (20) with respect to each other according 
to the actual straight line of movement and comparing the positions of the reference markers 
(36, 37) in a direction substantial^ perpendicular to the actual straight line of movement 

30 

10. Method according to any of claims 1-9, ^lied for the purpose of printing 
displays, in particular PolyLED displays or liquid crystal displays, wherein the patterning 
device comprises a print head (20) having at least one nozzle (22) for releasing ink droplets 
(21). 
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1 1 • Pattenung machine (1), suitable for canying out the method according to 

claims 1-10, comprising: 

- a first receiving member (53) for receiving a substrate (30); 

5 - a second recdving member for recdving a patteniing device (20) far applyi^ 
pattem (35) to the substrate (30); 

- moving means (50) for moving the substrate (30) and the patterning device (20) with 
respect to each other; 

- a computer (1 1); and 

10 - detecting means for detecting markers (36, 37) and patterns (38) on the substrate (30), 

wherein the conq)uter (1 1) is progranmied such as to recognize the madcers (36, 37) 
and the patterns (38) and to determine positions of the maxk^s (36, 37) and the 
patterns (38) with respect to the moving means (50). 

15 12. Patterning machine (1) according to claim 1 1, wherein the detecting means . 

comprise at least one camera (25) for providing images of the substrate (30) to the conqputer 
(11), and wherein the coniputer (1 1) is programmed such as to cs^ture the images from the 
camem (25), as well as to recognize the in[iages. 

20 13. Patterning machine (1) according to claim 12, wherein the coniputer (1 1) is 

progranmied such as to perform an aligning process comprising the following steps: 

- controlling the moving means (50) such as to position the substrate (30) and the 
patterning device (20) at a predetermined test position with respect to each other; 

- transmitting an activating pulse to the patterning device (20) in order to apply a test 
25 pattem (38) to the substrate (30); 

- controlling the moving means (50) such as to position the substrate (30) and the 
camera (25) at the predetermined test position with respect to each other; and 

- measuring an offset between an actually obtained position of the test pattem (38) and 
a predetermined position of the test pattem (38) by means of the camera (25), usmg 

30 pattem recognition. 



14. Patterning naachine (1) according to claim 12, wherein the computer (1 1) is 

programmed such as to perform an aligning process comprising the following steps: 
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- controlling the moving means (50) such as to position the substrate (30) and the 
patterning device (20) at a predetermined test position with respect to each other; 

- transmitting an activating pulse to the patterning device (20) in order to apply a test 
pattern (38) to the substrate (30); 

S - detecting an actually obtained position of the test pattem (3 8) on the substrate (30) by 
means of the camera (25), using pattem recognition. 

15. Patterning machine (1) according to claim 13 or 14, wherein the computer (1 1) 
is programmed to perform the aligning process more than one time for one substrate (30), and 

10 wherein the aligning process is alternated with a process during which a pattem (35) is 
applied to the substrate (30) by means of liie patterning device (20). 

16. Patterning machine (1) according to any of claims 1 1-15, wherein the moving 
means comprise an X-Y table (50). 

15 

17. Patterning machine (1) according to any of claims 1 1-16, wherein the 
patterning device comprises a print head (20) having at least one nozzle (22) for releasing ink 
droplets (21). 

20 1 8. Printed display, in particular a PolyLED display or a liquid crystal display, 

comprising at least two reference markers (36, 37) and a printed test pattem (38) which is 
positioned outside an area having a functional pattem (35) which serves for displaying an 
image. 
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ABSTRACT: 



A printing machine conq)rises an X-Y table (50) for moving a substrate (30) 
with respect to a print head (20). During a printmg process, the substrate (30) is moved, 
whereas the print head (20) is intermittently activated to fire ink droplets. 

A camera (25) is arranged for providing images of the substrate (30) to a 
5 computer which is programmed to recognize patterns. 

In order for the print head (20) to be able to print a spot at apredeteacmined 
position on the substrate (30), an o£Eset between a predetermined and an actual mutual 
position of the substrate (30) and the print head (20) is measured and compensated for. For 
the purpose of measuring this ofiGset, a test spot (38) is printed on the substrate (30) and an 
10 ofgiet between a predetemiined and an actually obtained position of this test spot (38) is 
measured by means of pattern recognition. 
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